Background: To evaluate the predictive role of a risk of malignancy index in discriminating between benign and malignant adnexal masses preoperatively. Materials and Methods: A total of 408 patients with adnexal masses managed surgically between January 2010 and February 2014 were included. The risk of malignancy indices (RMI) 1, 2, 3 and 4 were calculated using findings for ultrasonography, menopausal status, and CA125 levels. Histopathologic results were the end point. ROC analysis was used for the sensitivity and the specificity of the models. Results: Some 37.6 % of the cases were malignant in the postmenopausal group while 7.9 % were malignant in the premenopausal group. Pelvic pain was the most common complaint, and the majority of the cases were diagnosed at stage 3. The early diagnosis is important. However, due to nonspecific complaints, the majority of the cases are diagnosed at advanced stages. In daily gynecology practice, ultrasonography is used widely in clinics and in asymptomatic patients who have adnexal masses can be frequently diagnosed.
Introduction
Adnexal masses are a problem frequently encountered in gynecological practice. To differentiate the ovarian mass that is benign or malign could change clinical approach. According to data from the United States; each year about 300,000 women are hospitalized because of adnexal masses. 13-21 percent of these women have malign adnexal masses (Curtin et al., 1994; NIH Consensus, 1994) . In women deaths; ovarian cancer is the fifth cancer type (Gibbs et al., 2010) . According to the American Cancer Society data; more than 21000 new cases will be diagnosed in 2014-2015 and approximately 14000 women will die because of ovarian cancer (Siegel et al., 2014) . In the premenopausal period, only 7-13% adnexal masses are malign, but unfortunately in the postmenopausal period 30-45% adnexal masses are malign. The 5-year survival rate is about 30% of patients diagnosed with advanced stage. Whereas in the cases diagnosed at an early stage, the 5-year survival rate is about 90% (Su et al., 2013) . Thus, 1 early diagnosis is important. However, due to nonspecific complaints, the majority of the cases are diagnosed at advanced stages.
In daily gynecology practice, ultrasonography is used widely in clinics and in asymptomatic patients who have adnexal masses can be frequently diagnosed.
Patients who have ovarian cancer should be referred to well educated and experienced gynecological oncology surgeons. Because of inadequate cytoreductive surgery, patients mostly need a second surgery and this situation increases the morbidity (Elit et al., 2002) . The successful cytoreductive surgery is an important prognostic factor in ovarian cancer survey (Eisenkop et al., 1991; Kehoe et al., 1994) .
In gynecological malignancies; tumor markers have a crucial role in screening, monitoring of treatment, follow-up and also for predicting recurrence of the disease (Aggarwal et al., 2010) . The serum CA 125 is one of the most widely used serum markers. CA 125 levels increases in only 50% of early stage ovarian cancer and 90% of late stage ovarian cancer. Moreover, elevated CA 125 levels may be observed in the variety of the conditions. Such as ascites, menstruation, endometriosis, pelvic inflammatory diseases, liver diseases, and other malignant conditions (pancreas, breast, lung, and colon) (Ozols et al., 2005) .
A pelvic examination, ultrasonographic assessment and tumor markers are part of a standard evaluation for an adnexal mass preoperatively. Finding a screening and diagnostic method for ovarian cancer is challenging due to high mortality and insidious symptoms. Various combined methods for evaluating the patients' risks have been proposed. According to a single process, combined methods give more sensitive and accurate results. In 1990, Jacobs et, al. initially developed RMI 1 that is a simple scoring method based on menopausal status, ultrasound findings and serum CA 125 level (Jacobs et al., 1990) . To increase sensitivity and specificity of this scoring system Tingulstad et al. developed RMI 2 in 1996 and then RMI 3 in 1999 (Tingulstad et al., 1996 Tingulstad et al.,1999 Ong et al., 2013) .
The aim of this study was to evaluate the ability of the four malignancy risk (RMI 1,2,3,4) indices to discriminate a benign from a malignant pelvic mass. Moreover, besides the cut-off levels that are mostly used and suggested by researchers, we attempted to find cut off levels for each of malignancy indices in premenopausal and postmenopausal women.
Materials and Methods

Study design
This study designed retrospectively in Gynecology and Obstetrics Department of Haydarpasa Numune Training and Education Hospital that is a tertiary referral research and education hospital in Istanbul. The local ethics committee of the hospital approved the study Clinical details of all adnexal masses were prospectively entered into a computer, which were retrieved for analysis, retrospectively. A total of 417 patients with adnexal masses that underwent surgery between 1 January 2010 and 14 February 2014 enrolled in the study. The exclusion criteria from the study were an adnexal mass with pregnancy and patients with unavailable data or absent detailed ultrasonographic findings. We included 408 cases with complete data. The histopathological diagnosis was considered as the end point for determining the outcomes.
Malignant and borderline tumors were staged according to the criteria of International Federation of Gynecology and Obstetrics (Prat et al., 2014) . The primary measure outcomes were the predictive value of ultrasonographic scoring RMI 1, 2, 3 and 4 in each pathologically proven malignancy.
Basal Laboratory and Ultrasonographic Evaluation
All patients underwent preoperative laboratory evaluation of blood count, biochemistry, the serum CA 125 levels and gray-scale ultrasonography. [CA 125 levels were measured by using radioimmunoassay ( Architect Abbott i2000sr CMIA)]. Ultrasound imaging of the cases was performed transvaginally and abdominally by an expert radiologist in our hospital that used Mindray DC7 ultrasound device with 5 Mhz convex abdominal and 8 Mhz vaginal probes. The characteristic appearance of masses (bilaterality, multilocularity of the adnexal mass, solid areas, ascites, intraabdominal metastatic lesions, papillary projections, cystic formation, septate thickness) recorded carefully.
Risk of Malignancy Index Scoring 1,2,3,4
RMI scoring mainly is based on ultrasonographic features, menopausal status, and CA 125 levels (Jacobs et al., 1990; Tingulstad et al., 1996; Tingulstad et al.,1999) . RMI 1, 2,3 were calculated by using the formula "RMI= M x US x serum CA 125". (M: menopausal status, U: ultrasound score). All formulas have different values for M and U. In RMI 4 calculation, tumor size (S) is also included in the formula. RMI 4=U x M x Ca 125 x S (Yamamoto et al., 2008) . Table 1 presents the RMI calculations.
Ultrasonographic features The ultrasonographic features of adnexal masses such as multilocularity, bilaterality, solid areas, ascites and the presence of an extra-ovarian tumor are used in scoring system (Ekerhovd et al., 2001) . RMI 1 (If there is no ultrasonographic findings, score was 0. If 1 of the US features are found, score will be 1 . If ≥2 US features are found, the score is 3). RMI 2 ( If none or 1 of the US features are found, the score was 1 . If ≥2 US features are found, the score is 4). RMI 3( If none or 1 of the US features are found, the score was 1 . If ≥2 US features are found, the score is 3). RMI 4( If none or 1 of the US features are found, the score was 1. If ≥2 US features are found, the score is 4. If the tumor size is ≥ 7 cm, S is equal to 2.
Statistical analysis
Statistical Package for Social Sciences for Windows 18.0 program was used. Data were analyzed using descriptive statistical methods (mean, standard deviation, frequency.) Student's t-test was used for the comparison of quantitative data with the regular distribution. In the intergroup comparison of the parameters of a normal distribution, Mann-Whitney test was used. For the comparison of qualitative data; Mc Nemar test, kappa analysis, and diagnostic screening tests were used. For determining the best cut-off values to discriminate malign adnexal masses from benign adnexal masses; a receiver operating characteristics (ROC) curve was plotted for each malignancy risk indices. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and diagnostic accuracy of four malignancy risk ratios (RMI 1,2,3,4) were calculated for each case. The probability value p<0.05 was considered as statistically significant.
Results
All patients' age ranges from 14 to 87. Among the study population, 291 of the patients were premenopausal (71.4%), and 117 of the patients were postmenopausal (28.6%). In the postmenopausal group, 37.6% of the cases were malignant while 7.9 % of the cases were malignant in the premenopausal group. Out of 408 patients, 341 of the them had benign adnexal masses, 55 patients had malign adnexal masses, and 12 of the patients has the borderline ovarian tumor. Pelvic pain was the most frequent complaint of the patients. Table 2 shows the characteristics of benign and malign adnexal masses. According to this, malignant cases had significantly increased age, parity, menopausal status, platelet counts, and CA 125 levels (p=0.000). FIGO staging were borderline (n=12, 2.9%), Stage I(n=16, 3.9%), Stage II (n=7, 1.7%), Stage III (n=20, 4.9%) and Stage IV (n=12, 2.9%).
The average age of patients with benign adnexal masses was 40.8±13.8, and the mean age of patients with malign adnexal masses was 54.4±13.6 years. Malignant masses tend to occur in advanced ages-parity and postmenopausal women (p<0.05). Both premenopausal and postmenopausal period patients mostly had the diagnosis of the malignant ovarian mass at Stage III. Table  2 presents the characteristic findings of premenopausal and postmenopausal adnexal masses. In general population, the most common benign ovarian tumors were endometrioma and functional cysts. The most common malign ovarian tumors were epithelial cancers. Figure 1a presents the ROC analysis of RMI 1, 2, 3, 4 calculations and CA 125 levels in general population.
General population
Postmenopausal women
The RMI 1 at a cutoff level of 200 yielded the sensitivity of 84.0%, the specificity of 87. (110) 
Discussion
The risk of malignancy index algorithms is the most validated and accepted methods in discriminating benign and malign adnexal masses (RCOG guideline, green top 34,2010; NICE clinical guidelines CG122,2011). However, heterogeneity of the populations, diversity of ovarian tumors and prevalence lead different cut-off levels. This study evaluated the predictive value of four RMI calculations in pre and postmenopausal Turkish women. Our study confirms the effectiveness of RMI algorithms in postmenopausal women, but we still need tests with good performance in premenopausal women and borderline ovarian tumors.
Various diagnostic methods for adnexal masses have reported, such as abdominal and transvaginal ultrasonography, color Doppler ultrasonography, and tumor markers. However, none of these diagnostic methods used individually has shown significantly better performance in detecting early stage malignant tumors. The risk of malignancy index that include combined the risk of CA 125, menopause and ultrasonography, firstly developed by Jacobs et al. (1990) . They found 85.4% sensitivity and the 96.9% specificity. They stated that women with RMI >200 cut-off levels had 42 times risk of developing ovarian cancer. Subsequent to Jacobs' formula, Tingulstat et al. Table 4 presents the summary of the previous RMI studies.
The majority of the prior studies investigated the RMI values of the general population. Few studies explored these formulas in premenopausal and postmenopausal women (Terzic et al., 2013; Sayasneh et al., 2013; Kaijser et al., 2013) . The sensitivity of any test is affected by the prevalence of the diseases. Our malignancy incidence in postmenopausal women (37.6%) was similar to the other studies (30%-43%). (Jacobs et al., 1990; Kaijser et al., 2013) . Since postmenopausal women have increased the risk of malignancy, the number of postmenopausal women affect the results. Apart from the prior studies, we explored RMI values in pre and postmenopausal Turkish women separately (Simsek et al., 2014; Yesilyurt et al., 2014; Akturk et al., 2011; Yavuzcan et., al 2013; Ozun Ozbay et al., 2015) .
A systematic review study by Geomini et al., reviewed 109 studies including 21750 women with adnexal masses. RMI was the best predictor and when 200 were used as the cut-off level with 78% sensitivity and 87% specificity (Geomini et al., 2009) . The RMI 1 studies from Turkey shows sensitivity varies from 60-76.1%, and specificity varies between 88.8-93 %. Our results are in between them. We showed that RMI 1 (cut-off:200) yielded the sensitivity of 76.1%, the specificity of 91.5%. Kappa value for RMI 1 was 0.627 when the cut-off value was set at 200 for the general population. In our postmenopausal group, the kappa value was 0.711 the RMI 1 at a cut-off level of 200 yielded the sensitivity of 84.0%, the specificity of 87.7%. The premenopausal RMI 1 at a cut-off level of 200 yielded the sensitivity of 60.9%, the specificity of 92.5% with kappa 0.438. Thus, agreement of RMI 1 test in premenopausal women was moderate. The performance of RMI 1 in a general population and postmenopausal women was good.
In the study of Tingulastad et al. (1996) using the RMI 2 for the first time, 92% specificity and 80% sensitivity were obtained with a cut-off value of 200. In our general population, The RMI 2 (cut off:200) yielded the sensitivity 79.1% and specificity of 89.1% with kappa 0.594. Abdulrahman Jr. et al. studied the accuracy of RMI 1,2,3 in the 247 Welsh women (Abdulrahman Jr.et al., 2014) . RMI 2 (cut off:200) gave better performance than RMI 1 and 3. This finding was similar to prior reports (Tingulstad et al., 1996; Morgante et al., 1999; Moolthiya et al., 2009) . In a comprehensive review, the pooled estimate of sensitivity was 79% (71-78%), and specificity was 81% (72-90%) (Geomini et al., 2009 ). Considering the review and studies from Turkey our results were compatible. In our postmenopausal women, the RMI 2 (cut-off:200) yielded the sensitivity 88.6 % and specificity of 80.0% with Kappa 0.667. In premenopausal women , the RMI 2 (cut off:200) yielded the sensitivity 60.9 % and specificity of 91.0% [AUC:0.89, CI:0.85-0.94], with Kappa 0.400. Finally, in our study results of a general population and postmenopausal women were compatible with the literature, but an agreement of test was fair in premenopausal women. Tingulastad et al. (1999) defined RMI 3 with cut off 200, the sensitivity of 71% and specificity of 92%. Bailey et al. investigated 182 patients. Malignancy Risk Index had 78.9, 70, 91.6 and 100% sensitivity in Stage 1,2,3,4 ovarian cancers respectively. In all stages, RMI 3 had 87.4% sensitivity. (Bailey et al., 2006) . In our study, the RMI 3 in a general population (cut off:200, kappa: 0.609) yielded a sensitivity of 76.1% and specificity of 90.6%. In postmenopausal women, the RMI 3 (Kappa:0.711) formula had a sensitivity 84.0% and specificity of 87.7%. The RMI 3 (cut off:200) method had a kappa value (0.409), sensitivity 60.9% and specificity of 91.8% in premenopausal women. The agreement of test and sensitivity was low in premenopausal women. Yamamoto et al. (2009) reported 91% specificity and 75% sensitivity for RMI 4. In two similar studies of Yavuzcan et al. and Ozun Ozbay et al. conducted in Turkey, the best performance for RMI 4 reported as 400. (with 91% specificity,75% sensitivity and 92.4 % specificity,67.4% sensitivity, respectively) (Yavuzcan et al., 2013; Ozun Ozbay et al. 2015) . In our study, The RMI 4 (cut off:336) had a sensitivity 76.1% and specificity of 88.6% [AUC:0.90, CI: 0.85-0.94]. Although the interagreement validity of RMI 4 in a general population and postmenopausal women were moderate, the results of premenopausal women were fair.
The studies from Turkey shows similar results in the general population with sensitivity varies. In our study for the general population; RMI 1,2,3 with the cut-off value 200 and RMI 4 at the cut off 336 gave best sensitivity and specificity. RMI 1 was found to be a highly accurate test for a general population.
Few studies in the literature studies pre and postmenopausal women individually. Terzic et al. studied RMI 1 predictive values for pre and postmenopausal women (Terzic et al., 2013) . At 83% sensitivity, in premenopausal women RMI had 80.31% specificity; in postmenopausal women RMI had 68.18% specificity. In our study, we had better results in the postmenopausal group like Sayasneh et al. In our study, postmenopausal women RMI 1 and 3 had the best performance with 200 cut off yielded 84 % sensitivity and 87.7% specificity. In premenopausal women, RMI 1 was the most reliable test in terms of area under the curve, and for cut off 200 yielded 60.9% sensitivity and 92.5% specificity. A recent systemic review and meta-analysis by Kaijser et al. studied 19 different prediction models on 26 438 adnexal masses included in this study (Kaijser et al., 2013) . RMI was the most frequently validated model. Pre and postmenopausal status were also compared and RMI 1 (using a cut-off of 200) showed sensitivity 0. Kaijser et al. (2014) suggests using IOTA Simple rules or the LR model (International Ovarian Tumor Analysis) especially in reproductive age women. Our results were similar to Kaijser et al. (2014) that RMI 1 had more diagnostic value in postmenopausal women and test performance was not good in premenopausal women
The main limitation of the study was its retrospective design. The major strength of our search for previous papers was a calculation of premenopausal and postmenopausal women separately. The difference in sensitivity rates may be attributed to the heterogeneity of ovarian cancers and prevalence of the disease. Such as sensitivity of a test decreased when borderline and nonepithelial tumor incidence increase.
In conclusion, In our study, RMI 1 in the general population and RMI 1 & RMI 3 in postmenopausal women had the best performance in discriminating between benign and malignant in women with adnexal masses preoperatively. The performance of RMI algorithms in borderline tumors and premenopausal women was moderate or fair. Our study confirms the effectiveness of RMI algorithms and universally accepted cut-off values in clinical practice for the identification and subsequent referral to accurate centers in postmenopausal women. We need more sensitive tests for borderline ovarian tumors and premenopausal women.
